High fluoride concentration in groundwater occurs in majority of the dry and semidry regions of the Indian subcontinent. Mahendergarh district of Haryana state has been identified as Red Alert zone of high fluoride by Geological Survey of India (GSI). Most of the residents of Mahendergarh district are using ground water for drinking and irrigational purposes. The main purpose of the present study was to analyze the level of fluoride in ground water in all the eight blocks, i.e., Satnali, Sihma, Narnaul, Mahendergarh, Nizampur, Ateli, Kanina and Nangal Chaudhary of Mahendergarh district. Water samples were collected from 355 villages of the study area during December 2016 to May-June 2017 and were analyzed to find out the fluoride concentration with ion-selective electrode method. The fluoride distribution in Mahendergarh district ranged from 0.3 to 16.0 mg/l in ground water samples. Lowest value of 0.3 mg/l was reported in Dalanwas village of Satnali block and highest value of 16.0 mg/l in Narnaul city of Narnaul block. The outcome of the study revealed that out of 355 villages of the district, the fluoride level in 205 villages was found within the upper acceptable limit prescribed by WHO, i.e., 1.5 mg/l. The fluoride concentration in 150 villages was above permissible limit that may cause fluorosis among residents of the district. The fluoride distribution pattern showed that the high fluoride level was observed in the central part and the lowest in northwest part of the study area.
Introduction
All over the world, poor drinking water quality is mainly accounted for 80% of the human diseases (WHO 1984) . Worldwide, more than 200 million people are using fluoride contaminated water for drinking purpose (Ayoob and Gupta 2006) . Fluoride is non-biodegradable element which is the most phototoxic among pollutants and accumulates in plants, soil and water from low to high concentration (Fornasiero 2001) . In the earth lithosphere, fluoride is the 13th most abundant element (Gikunju et al. 1992) . Fluoride concentration in the atmosphere is 0.5 mg/m 3 , but anthropogenic activities increase its concentration. In sea water, fluoride concentration is considered 1.3 mg/l. Fluoride concentration in soil varies between 20 and 500 mg/kg (Edmunds and Smedley 2005) . In biosphere, fluorine occurs in trace amounts in all kind of foodstuffs (Kundu et al. 2001) . Fluoride is an essential oligo-element that prevents dental carries, and it is beneficial for formation of dental enamel and develops the bones (Park 2011; McDonagh et al. 2000; Bouletreau et al. 2006; Messaitfa 2008) . There are numerous sources of fluoride, but the major source is due to the ingestion of drinking water (Kumari and Rao 1993) . Drinking water is the most common way by which fluoride enters the food chain. In minute quantity, fluoride has beneficial effect on human health. If fluoride is ingested in more quantity above the permissible limit of 1.5 mg/l (WHO 2002 (WHO , 2011 , it causes dental and skeletal fluorosis (Sushila et al. 1993) .
Sources of fluoride contamination in drinking water are both natural and anthropogenic activities. Marine aerosols, volcanic eruptions, some geothermal activities and fluoride bearing rock's minerals are mainly natural sources of fluoride in environment. Apart from these natural sources, there are some anthropogenic sources also that increase the fluoride concentration in environment. Industrial aerosols and phosphate fertilizers plants, sewage sledges and pesticides are main anthropogenic sources for high concentration of fluoride in soil and water (EPA 1997; Fuge and Andrews 1988; Cronin et al. 2000; Feng et al. 2003; Bonvicini et al. 2006; Walna et al. 2007 ). There are some other minor factors also that affect the fluoride level in groundwater such as temperature, pH of water and soil, soil's sorption capacity (Cronin et al. 2000) , depth of well and climatic conditions of any area (Handa 1975 ).
Earth's crust has 85 millions tones of fluoride deposits, and out of this, 12 billion tones are found in India (Teotia and Teotia 1994) . Geographical area is related to high concentration of fluoride that includes the East African Rift system (range from Jordan in northern Africa to Kenya and Tanzania in east Africa), large tracts of the middle east (Iraq, Iran, and Syria) and Indian subcontinent (Sri Lanka, Pakistan, India), Argentina, northern China and western USA. Dissanayake (1991) conducted a survey in Sri Lanka and found that fluoride level was above 4 mg/l in Sri Lanka. Alabdulaaly et al. (2013) conducted a survey in 13 regions of Saudi Arabia ' s Kingdom to examine the concentration of fluoride from 1060 water samples. The maximum range up to 5.40 mg/l was reported from Quassim province.
Geological Survey of India (GSI) has identified some areas as Red Alert zone of high fluoride in India: Nalgonda district in Andhra Pradesh; Gurgaon, Hisar, Fatehabad, Mahendergarh and Rewari district of Haryana; Fazilka and Jalalabad in the border district of Ferozpur in Punjab; Dindigul district in Tamil Nadu; Sindh district in Madhya Pradesh; Beed district in Maharashtra and parts of Unnao, Rae Bareilly and Sonbhadra in Uttar Pradesh. Ground water studies on fluoride level in India showed the high fluoride concentration in different parts of country (Gupta et al. 1993; Handa 1975; Indu et al. 2007; Reddy et al. 2010) . The amount of fluoride contamination in India ranges from 1.0 to 48.0 mg/l (Sushila 2001) . A survey was conducted to investigate the level of fluoride in groundwater of Vellore District, Tamil Nadu, South India, and observed that the fluoride concentration range in the area was between 0.02 and 3.0 mg/l . Dahariya et al. (2015) collected 48 ground water samples from the tubewells of Donagarh city of Chattisgarh, India, in the pre-monsoon (May) and post-monsoon (January) period 2014. Fluoride concentration ranged from 2.1 to 10.3 mg/l in pre-monsoon and 2.7 to 12.7 mg/l in post-monsoon. Dhanya and Shaji (2017) noted that the fluoride content ranged from 0.68 to 2.88 mg/l in Alleppey, Kerala. In the present study, fluoride concentration has been examined in eight blocks of Mahendergarh district of Haryana state in India by ion-selective electrode method.
Materials and methods

Study area
The district Mahendergarh is located at extreme end of the southwest end of Haryana state located between 27°47′ to 28°26′ north latitudes and 75°56′ to 76°51′ east longitudes (Fig. 1) . The total population of Mahendergarh district was 9,22,088 as per 2011 census. Total geographical area of Mahendergarh district is 1899 km 2 . Administratively, the district has been divided into three sub divisions-Mahendergarh, Narnaul and Kanina. The district comprises of eight blocks-Ateli, Kanina, Mahendergarh, Narnaul, Nangal Chaudhary, Nizampur, Satnali and Sihma. It is inhabited by 370 villages and five towns, namely Ateli, Narnaul, Mahendergarh, Kanina and Nangal Chaudhary. The district headquarter is at Narnaul. Hot summer and cold winter are the main characteristic of the district. The climate is very hot tropical to subtropical characterized by high temperature and moisture deficiency for the greater part of the year. Annual rainfall of the district is 500 mm which is unevenly distributed over the area. The study area is lack of any perennial river system; however, some seasonal streams-Sahibi, Dohan and Krishnawati, are active only during the rainy days. Light-colored arid soils are found in the major part of the district. The hill ranges are marked features of the district which are part of great Aravali chain. Quartz, lime stone, marble, sandstone, iron or silica sand, feldspar and calcite are some important minerals those are initiate in the district.
Analysis of fluoride in water
Water samples from various drinking water sources (hand pumps, open wells and tube wells) were collected from 355 villages/sites of Mahendergarh district to determine the level of fluoride. Geographic locations of sampling sites were mapped by using Global Positioning System (GPS). Samples were collected in prewashed plastic bottles and carried to the laboratory. The collected samples were kept in dark place at room temperature in plastic containers until the fluoride analysis was done. Ion-selective electrode (ISE) method was used to determine the fluoride content in drinking water.
Electrode was calibrated using a series of known concentrations of fluoride. Standards and samples were mixed with 1:1 with a total ion strength adjustment buffer (TISAB) to minimize the effects of varying ionic strength and interference from other ions. TISAB was made by using 4.00 g CDTA (cyclohexanedi-amino-NNN1N1 tetra acetic Acid) + 57 g NaCL and 57 g glacial acidic acid in 1 L of distilled water. The solution pH was adjusted between 5.0 and 5.5 with 5 M NaOH. After adding 25 ml TISAB to 25 ml of a water sample, fluoride concentration was measured with a fluoride ion-selective electrode in mg/l or ppm/l. The different concentrations of NaF ranging from 0.1 to 100 ppm were used for preparation of standard curve of fluoride. Suitable statistical techniques and graphical representations were used for analysis. GIS tools are used to show the fluoride concentration on map.
Results
Ground water fluoride concentration at different sampling sites varied in different blocks of district Mahendegarh. Fluoride level in water samples of 24 villages of Satnali block was examined and found that fluoride concentration ranged from 0.3 to 1.2 mg/l ( Table 1 ). The lowest concentration of fluoride was found in village Dalanwas and highest in Rathiwas. The study reveals that fluoride concentration in villages of Satnali block was found within upper prescribed limit of WHO. The fluoride concentration in 63 villages of Mahendergarh block ranged from 0.5 to 5.8 mg/l ( Table 2 ). The study reveals that out of 63 villages, 40 villages (62%) have fluoride concentration up to 1.5 mg/l that is within the permissible drinking water limit according to WHO and 23 (38%) villages were above the permissible limit. The lowest fluoride level was reported 0.5 mg/l from Nihalawas village and highest level 5.8 mg/l from Mahendergarh.
The fluoride concentration in 29 villages of Sihma block ranged from 0.9 to 6.0 mg/l with lowest in village Guwani and highest in Faizabad. The study reveals that out of 29 villages, 11 villages (38%) have fluoride concentration within permissible limit according to WHO and 18 (62%) villages above permissible limit (Table 3 ).
The fluoride concentration in 56 villages of Kanina block ranged from 0.4 to 2.5 mg/l with lowest in village Gudha and highest in Pathera. The study reveals that out of 56 villages, 50 villages (89%) have fluoride concentration up to 1.5 mg/l that is under permissible limit of drinking water and 06 (11%) villages above permissible limit (Table 4) .
The fluoride concentration in 43 villages of Ateli block ranged from 0.4 to 3.8 mg/l with lowest in villages of Ganiyar, Beghpur, Sujapur and Tobra and highest in Kunjpura (Table 5 ). The study reveals that out of 43 villages, 36 villages (84%) have fluoride level within prescribed limit of 1.5 mg/l and 07 (16%) villages above permissible limit.
The fluoride concentration in 64 villages of Narnaul block ranged from 0.9 to 16.0 mg/l with lowest in village Mandhana and highest in Narnaul. The study reveals that out of 64 villages, only 8 villages (12.5%) have fluoride concentration within permissible limit of 1.5 mg/l and 35 villages lied in less critical range within the range of 1.6 to 2.5 mg/l and 21 villages have fluoride concentration above 2.5 mg/l (Table 6 ). The concentration of fluoride in drinking water samples of 29 villages of Nizampur block ranged from 0.6 to 2.6 mg/l (Table 7) . Lowest level was reported from village Nangal Dargu and highest in Ghatasher. The study reveals that out of 29 villages, 14 villages (52%) have fluoride level > 1.5 mg/l.
The level of fluoride in drinking water samples of 47 villages of Nangal Chaudhary block ranged from 0.5 to 8.0 mg/l with lowest in village Niamatpur and highest in Mulodhi (Table 8 ). The study reveals that out of 47 villages, 21 villages (44%) have fluoride concentration up to 1.5 mg/l and 26 (56%) villages more than 1.5 mg/l.
Fluoride distribution map of district Mahendergarh is shown in Fig. 2 . Fluoride distribution in the drinking water of 355 villages has been depicted in the map. The fluoride concentration in Mahendergarh district ranged from 0.3 to 16.0 mg/l in ground water samples with lowest value of 0.3 mg/l in Dalanwas village of Satnali block and highest value of 16.0 mg/l in Naurnaul city of Narnaul block (Table 9, Fig. 3 ). The outcome of the present study revealed that out of 355 villages of district Mahendergarh, 205 villages (58%) have fluoride level up to 1.5 mg/l and 120 villages (34%) have fluoride level varied in the range of 1.6 to 3.5 mg/l in drinking ground water, i.e., above the upper permissible limit of 1.5 mg/l as prescribed by WHO. 20 villages (5%) have fluoride concentration of 3.6 to 5.5 mg/l. In the present study, only ten villages (3%) have fluoride concentration above 5.5 mg/l (Fig. 3 ) that may cause fluorosis among residents of the district.
Discussion
On the basis of fluoride distribution, the district Mahendergarh villages were categorized on the pattern of the previous study (Yadav et al. 2009 ). The villages have been divided into six categories: up to 0.5 mg/l, 0.6-1.5 mg/l, 1.6-2.5 mg/l, 2.6-3.5 mg/l, 3.6-4.5 mg/l, 4.6-5.5 mg/l and > 5. Fluoride concentration above 1.5 mg/l in drinking water causes many types of diseases mainly dental and skeleton fluorosis. Mahendergarh district has a rural background, and it is an industrial free zone and has no industrial input. Main occupation of the residents is agriculture, so industrial aerosols are not responsible for higher concentration of fluoride. Possible contributor of fluoride in ground water is due to geology of the area and fertilizers used in agriculture. Geologically, the rocks in this area belong to Delhi super groups and divided into two groups. The Purana rocks of upper pre-Cambrian age belong to Ajabgarh, series of Delhi system. The rocks of the Huranian period belong to Archaen Dharwar system, and rocks of these groups consist of biotite, slates, phyllits, quartzite, limestone, gneiss and sand stones. Fluorine is found in primary minerals, specially biotites and amphiboles. On weathering, fluorine leaches out from these minerals and constitutes a major source of fluoride in ground water. Other reasons of higher concentration in some villages may be due to deeper water table and climatic conditions. Deeper ground water in bore holes is considered to contain high concentration of fluoride than shallow ground water bore hole. Climatic conditions are also responsible for variations in fluoride concentration (Handa 1975) . Mahendergarh district lies in arid climatic condition zone where ground water infiltration and flow rates are slow. Such climatic conditions provide long duration for reaction between water and rocks which results in high fluoride level in ground water. 
